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Introduction—0206 Meinong Earthquake

• Time: 2016/02/06 03:57:26

• Epicentral: Meinong District, 
Kaohsiung City

• Magnitude: 6.4

• Depth: 14.6km

• Disaster:  building collapse, soil 
liquefaction, sandblasting and 
surface fracture.

• The strongest shaking 7 and most 
of the damage is located in Tainan 
City.
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Introduction—Observation stations

Groundwater level monitoring well:
• Central Weather Bureau (CWB, 

1data/s)

• Water Resources Agency (WRA, 
1data/h)

Plains Groundwater level well River flow gauge Precipitation station

Chianan 176+2 10 4

Pingtung 139+1 6 5
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River gauges:
• Water Resources Agency (WRA, 

1data/h)

CWB groundwater wellWRA groundwater well

Some weather stations in the 
Chianan Plain.
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Introduction—Hydrogeology

• In the Chianan Plain and Pingtung Plain, there are 4 
aquifers and 3 aquitards in the range from 0 to 250-meter 
depth.

Chianan Plain

Pingtung Plain

Profiles come from Central Geological Survey.



Introduction—Hydrology anomalies

• The co-seismic groundwater level change can be divided 
into oscillation and step change.
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Introduction—Hydrology anomalies

• In all of the Chianan Plain 
aquifers, the groundwater 
level increase obviously.

• Almost all of the well in 
the Chianan Plain show 
co-seismic groundwater 
level change and the 
groundwater level rarely 
change in the Pingtung 
Plain.
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Introduction—Hydrology anomalies

Naba

Hsinhua

Wujia

Longchang
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Introduction—Hydrology anomalies

• The increase of river discharge is not consistent.

• The increased discharge quantity at upstream is far less than 
that at downstream. The additional water source may come 
from groundwater system.

Zengwun River watershed
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Introduction—Hydrology anomalies

• At the Naba, Longchang, Hsinhua, and Wujia well we 
observed water level decrease obviously at the second and 
third aquifer.

• Base on the Wang et al. (2016), the earthquake maybe 
enhance the permeability by clean the sediment and 
colloidal particles or creating new rupture to connect the 
aquifer in different depth. So the groundwater of high pore 
water pressure in the deep aquifer can propagate to the 
shallow aquifer.
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Introduction—Hydrology anomalies

• Some possible evidences:
1. The groundwater level in the same location but different depth well 

become close.

2. The groundwater level of the shallow aquifer increase and there 
are many liquefaction events nearby.

3. Anomalous river discharge is observed at the Zengwun River 
watershed and then this additional water may come from the 
groundwater system.



Methodology—Tidal analysis

• We assume that the groundwater level change induced by 
several different factors could be superimposed. Base on 
Matsumoto et al. (1992), the groundwater change could be 
divided into:

𝐶𝑛 : drift item

𝑃𝑛 : barometric item

𝑇𝑛 : earth tide item

𝑅𝑛 : precipitation item

𝑆𝑛 : earthquake or event item

𝜀𝑛 : background noise or artificial influence
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𝑌𝑛 = 𝐶𝑛 + 𝑃𝑛 + 𝑇𝑛 + 𝑅𝑛 + 𝑆𝑛 + 𝜀𝑛



Methodology—Tidal analysis

• Gravitational forces exerted on the earth by the motions of 
the moon and sun and centrifugal forces due to rotation act 
throughout the volume of the earth body, producing small 
latitudinal and longitudinal strains within the solid crust of 
the earth.
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Earth tide:

Tidal component:

• Tidal could be represented as composed of a finite set of 
harmonic functions. Each tidal component has distinct 
amplitude 𝐴, frequency 𝑓 and phase Φ.

Period(d) Frequency(cpd)

𝑂1 1.0758 0.9295 Principal lunar

𝐾1 1.3721 1.0029 Lunar-solar

𝑀2 0.5175 1.9324 Principal lunar

𝑆2 0.5 2.0 Principal solar

𝑁2 0.5275 1.8957 Lunar elliptic



Methodology—Tidal analysis

In an open well, water must flow into or out of the well in 
order for the well to respond to pressure changes in the 
aquifer.
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Methodology—Tidal analysis

• y(t) : the theoretical water level curve induce by the tidal 
component(total k components)

• 𝐴0 : the average water level

• 𝐴𝑟, 𝐵𝑟: the amplitude of cos and sin curve

• 𝜔𝑟 : the frequency of the rth tidal component
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Tidal component:

𝑦 𝑡 = 𝐴0 +

𝑟=1

𝑘

𝐴𝑟 𝑐𝑜𝑠𝜔𝑟𝑡 +

𝑟=1

𝑘

𝐵𝑟 𝑠𝑖𝑛𝜔𝑟𝑡



Methodology—Tidal analysis

𝐴𝑘 = 𝐴𝑟
2 + 𝐵𝑟

2

Φ𝑘 = atan(
𝐵𝑟
𝐴𝑟
)

η = Φ𝑘 −Φ

• 𝐴𝑘 : amplitude of the rth tidal component

• Φ𝑘 : phase of the rth tidal component in well

• Φ : phase of the rth tidal component in aquifer

• 𝜂 : phase shift

16

Tidal component:

𝑦 𝑡 = 𝐴0 +

𝑟=1

𝑘

𝐴𝑟 𝑐𝑜𝑠𝜔𝑟𝑡 +

𝑟=1

𝑘

𝐵𝑟 𝑠𝑖𝑛𝜔𝑟𝑡



Methodology

Why do I use the tidal analysis?

• Certain characteristics such as transmissivity and specific 
storage of the well and aquifer might dampen or amplify the 
water level response or change the lag time between the 
pressure head and water level fluctuations.

• We tried to use tidal analysis to verify aquifers were 
connected or not after earthquake. The tidal responses of 
different aquifers that are different before the earthquake 
become similar after the earthquake if they become 
hydraulically connected.
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Result

Sliding window setting:

Window length : 30 days, 

overlap : 27 days

Total data : about 60~120 days 
data.

We calculated the result before 
and after the earthquake.
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Analysis result from Baytap08 



Result

Hsinhua well
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Future work

1. Finish the tidal analysis for all of the wells in 
Chianan plain.

2. Calculate the transmissivity and the storage 
coefficient.

3. Comparing the result of tidal analysis and 
traditional method to verify the tidal analysis 
result is good or not.
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Thank you for listening!
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